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INTRODUCTION
The demand for quality sources of protein is likely to increase continuously in the future, which can lead to an increased competition between humans and animals for quality sources of AA (Chiba, 2001) . Clearly, it is important to find alternative sources of AA for successful and sustainable pig production. Hydrolyzed feather meal (FM) can be an attractive source of AA for pig diets, but it is low in Lys and certain other AA. Therefore, FM must be incorporated into pig diets based on the AA content. Unfortunately, this method can increase the dietary protein content, which may lead to contamination of water and odorous emissions (Chiba, 2000) . Therefore, supplementation of FM diets with appropriate AA based on the AA availability would be the most plausible and effective way to utilize FM in pig diets in an environmentally friendly manner.
Unfortunately, the AA availability data for FM in pigs are rather limited (Chiba, 2001) . Even with a plethora of data, however, those estimates are likely to vary considerably because of inherent difficulties and variations associated with determining the availability of AA and also variations in the composition of FM among processing plants and within a processing plant (Cotanch et al., 2007) . The adequacy of Lys is the primary concern for most practical pig diets, and its apparent ileal digestibility in FM has been estimated to be as low as 40% by Knabe et al. (1989) , who may have published the first report relative to pigs. Although the NRC (1998) publication includes apparent ileal digestible (AID) AA in FM, those values may not be universally applicable. Therefore, the use of assumed AID values, such as 40% for all indispensable AA, in evaluating the value of FM may have immediate and more practical applicability in utilizing FM in pig production.
In the present study, the possibility of replacing soybean meal (SBM) in finisher pig diets completely with FM by AA supplementation was explored. Specific objectives were to investigate the effect of supplementation of corn-FM diets with AA based on the AID AA in FM reported by the NRC (1998) and the assumption that the apparent ileal digestibility of all indispensable AA in FM is 40% on 1) growth performance, 2) carcass traits, 3) subjective meat quality scores, 4) internal organ weights, and 5) serum metabolites.
MATERIALS AND METHODS
The protocol for the present study was approved by the Institutional Animal Care and Use Committee of Auburn University.
Animals and Facilities
A total of 90 (45 gilts and 45 castrated males) crossbred (Yorkshire × Duroc) pigs approaching 50.0 kg of BW were selected and moved into an open-sided, grower-finisher unit. Pigs were allocated to 30 pens (1.35 m 2 /pig) with 3 gilts or 3 castrated males per pen based on their BW, sex, and ancestry. When an average pen BW reached 57.8 ± 0.8 kg, pens were assigned randomly to 5 finisher-1 diets with 3 gilt and 3 castrated male pens per treatment. At an average pen BW of 81.0 ± 1.4 kg, pigs were switched to finisher-2 diets. Because the availability of pigs at one time was limited, the study was conducted in 2 trials. The first trial used 15 gilts and 15 castrated males, whereas the second trial used 30 gilts and 30 castrated males. Two trials were approximately 4 wk apart. Pigs were allowed ad libitum access to feed and water during the study. Pig BW and feed consumption data were collected once a week. One pig was removed from the study for a reason unrelated to the treatment. The average minimum and maximum daily temperatures in the grower-finisher unit during the study were 14.4 and 27.5°C, respectively.
Experimental Diets
Hydrolyzed feather meal without added blood (American Proteins Inc., Hanceville, AL) was used in the present study, and it was analyzed for CP and AA (Ajinomoto Heartland LLC, Eddyville, IL) before formulating diets. Although FM used was a stabilized product, it was stored in a walk-in cooler until preparation of diets. The composition of FM, along with corn and SBM, is presented in Table 1 . The experimental diets were formulated based on the results of the CP and AA analyses of FM. However, for corn and SBM the nutrient content reported by the NRC (1998) was used in formulating diets because several batches of corn and SBM were used during the study. Also, the AID AA in corn and SBM reported by the NRC (1998) were used to formulate diets. The AID AA in all supplemental sources was assumed to be 100%.
A corn-SBM positive control (PC) diet was formulated to contain 6.1 g of AID Lys/kg to satisfy the requirement during the finisher-1 phase (NRC, 1998; Table 2 ). A corn-FM negative control (NC) diet was formulated to be iso-N to the PC diet. The NC diet was supplemented with Lys and Trp (NRC; NC + Lys and Trp) to alleviate apparent deficiencies based on the AID AA in FM reported by the NRC (1998). In addition, the NC diet was supplemented further with the third limiting AA, Thr (40+3AA = NC + Lys, Trp, and Thr, but no His and Ile), and fourth and fifth limiting AA, His and Ile (40+5AA = NC + Lys, Trp, Thr, His, and Ile) based on the assumption that the apparent ileal digestibility of all AA in FM is only 40% as reported for Lys by Knabe et al. (1989) . The 40+3AA diet was included to ascertain whether it is necessary to supplement very minute amounts of His and Ile for optimum growth performance. A similar approach was used to formulate finisher-2 diets, and the PC and AA-supplemented corn-FM diets were formulated to contain 4.7 g of AID Lys/kg (NRC, 1998; Table  3 ). Because of reduced requirements, the 40+5AA diet was not supplemented with His and Ile; thus, the com-position of the 40+3AA and 40+5AA diets offered during the finisher-2 phase was the same.
To supplement the corn-FM diet with AA, the amount of corn was adjusted accordingly based on the product specification for each AA source. The calculated CP content of AA-supplemented, iso-N corn-FM diets increased slightly (Tables 2 and 3 ) because of the Lys source (Biolys; Evonik-Degussa Corp., Keenesaw, GA). To avoid possible confounding effects of energy density, poultry fat was added to maintain a constant DE content for all diets. No effort was made to maintain a constant AA balance, but the proportions of indispensable AA relative to Lys for the PC and AAsupplemented FM diets were above the balanced protein (NRC, 1998) . Minerals and vitamins for all diets were provided in amounts calculated to meet or exceed the NRC (1998) requirements. Feed samples (approximately 500 g each) were collected from each batch of feed mixed, and they were stored frozen until pooled, subsampled, and analyzed for CP (AOAC, 1995) . The analyzed CP content of each diet was relatively similar to the intended value (Tables 2 and 3 ).
Blood Samples
When an average pen BW reached the final target BW of 110 kg, approximately 10 mL of blood sample was collected from each pig via vena cava puncture using a sterile syringe and needle in the morning (0700 to 0900 h) after an overnight fast. Serum was separated by centrifugation at 1,500 × g for 15 min at room temperature to obtain cleaner samples, and an aliquot was stored frozen at −20°C until analyzed for urea N, total protein, albumin, glucose, triglycerides, and cholesterol using the automatic analyzer (Boehringer Mannheim/ Hitachi 911; Boehringer Mannheim Corp., Indianapolis, IN) at the Clinical Pathology Laboratory, Auburn University (Chiba et al., 2002; Mule et al., 2006) .
Slaughter Procedures
At an average pen BW of 112.1 ± 1.8 kg, pigs were slaughtered using conventional procedures after 24-h fast. The eviscerated carcass was split longitudinally through the vertebral midline, and warm carcass weight was recorded. To make gross assessment of metabolic alterations, heart, liver, and kidneys were collected and weighed separately. After chilling for 48 h at 2°C, cold carcass weight was recorded, and backfat thicknesses at the first rib, last rib, and last lumbar vertebra were measured. Longissimus muscle of the right side was exposed by a perpendicular cut between the 10th and 11th ribs, and LM area was traced. Backfat thickness at the 10th rib (about 3/4 distances along the LM toward the belly) was also measured. The exposed LM area was used to determine subjective meat color, firmness, marbling, and muscling scores (NPPC, 1991) . The rate of carcass lean accretion and the percentage carcass lean were estimated by using the equations reported by NPPC (2000). 
Statistical Analysis
Data were analyzed using the GLM procedure (SAS Inst. Inc., Cary, NC). Initially, the data for the 2 trials were tested for the homogeneity of variance (Pearson and Hartley, 1956 ). The results indicated that the variances for 2 trials were homogeneous; thus, the data were combined and analyzed accordingly. Treatment, sex, trial, their interactions, and the appropriate BW as a covariate(s) were included in the statistical models initially, and the interactions and covariates that did not reach a statistically significant trend (i.e., P > 0.10) were deleted from the final models. The initial and final BW for the growth performance data and the final BW for carcass, internal organ weight, and serum metabolite data were initially considered as a covariate(s). Preplanned, nonorthogonal contrasts were used to assess the treatment effect: 1) PC vs. NC diet, 2) PC vs. NRC diet, 3) NRC vs. 40+3AA and 40+5AA diets, and 4) 40+3AA vs. 40+5AA diet. The pen was considered as the experimental unit. The results were considered statistically significant if P ≤ 0.05.
RESULTS

Growth Performance
During the finisher-1 phase, pigs fed the PC diet consumed more feed (P = 0.041) and their AID Lys intake (LysI; representing indispensable AA) was consider- All corn-hydrolyzed feather meal (FM) diets were formulated to be iso-N and iso-caloric to the corn-soybean meal positive control diet. Supplemental AA replaced a portion of corn, and the amount was adjusted according to the product specifications. Finisher-1 diets were fed from 57.8 ± 0.8 to 81.0 ± 1.4 kg. Provided the following (unit/kg of diet): Fe (ferrous sulfate), 150 mg; Zn (zinc oxide), 150 mg; Mn (manganous oxide), 37.5 mg; Cu (copper sulfate), 150 mg; I (ethylenediamine dihydroiodide), 5 mg; Se (sodium selenite), 0.3 mg; vitamin A, 6, 614 IU; vitamin D 3, 1, 102 IU; vitamin E, 26 IU; vitamin B 12 , 0.03 mg; menadione (menadione Na bisulfite complex), 1 mg; riboflavin, 6 mg; d-pantothenic acid (d-Ca pantothenate), 45 mg; niacin, 28 mg; and choline (choline chloride), 110 mg. 8 Lysine was added in the form of Biolys (Evonik-Degussa Feed Additives, Kennesaw, GA); Biolys specifications: water, 5.0%; CP, 75%; L-Lys, 50.7%; Arg, 0.6%; Ile, 0.4%; Leu, 0.7%; Met, 0.2%; Cys, 0.1%; Met + Cys, 0.3%; Thr, 0.4%; Trp, 0.14%; and Val, 0.7%. 9 Calculated CP contents of AA supplemented, iso-N corn-FM diets were slightly greater because of the inclusion of Biolys; the AA composition expressed on the basis of AID AA values in FM reported by the NRC (1998) and the assumed AID AA value of 40% for all indispensable AA in FM.
ably greater than those fed the NC diet (P < 0.001; Table 4 ). There was no difference in ADFI or LysI between pigs fed the NRC diet and those fed the PC diet or the 40+3AA and 40+5AA diets, but pigs fed the 40+5AA diet tended to consume less feed than those fed the 40+3AA diet (P = 0.088). Pigs fed the PC diet grew faster than those fed the NC diet (P < 0.001) and the NRC diet (P = 0.002), whereas ADG of pigs fed the NRC diet was not different from those fed the 40+3AA and 40+5AA diets. Pigs fed the PC diet had greater G:F than those fed the NC diet (P < 0.001) and also the NRC diet (P = 0.032). However, BW gain to AID Lys intake (G:LysI) was greater in the pigs fed the NC diet than those fed the PC diet (P < 0.001).
As in the finisher-1 phase, pigs fed the PC diet consumed more feed (P = 0.005) and AID Lys (P < 0.001) and grew faster (P < 0.001) than those fed the NC diet during the finisher-2 phase. Similarly, pigs fed the PC diet had greater G:F (P < 0.001) and G:LysI (P = 0.015) than pigs fed the NC diet. Also, pigs fed the PC diet tended to grew faster than those fed the NRC diet (P = 0.079). Although pigs fed the NRC diet tended to consume more feed (P = 0.057) and consumed more AID Lys (P = 0.039) than those fed the 40+3AA and the 40+5AA diets, there was no difference in ADG, G:F, or G:LysI among pigs fed those diets.
During the entire finisher phase, pigs fed the PC diet consumed more feed and AID Lys and grew faster and All corn-hydrolyzed feather meal (FM) diets were formulated to be iso-N and iso-caloric to the corn-soy positive control diet. Supplemental AA replaced a portion of corn, and the amount included was adjusted according to the product specifications. Finisher-2 were fed from 81.0 ± 1.4 to 112.1 ± 1.8 kg. Hydrolyzed feather meal for finisher pigs more efficiently than those fed the NC diet (P < 0.001). However, the G:LysI was greater in pigs fed the NC diet than those fed the PC diet (P < 0.001). Pigs fed the NRC diet grew slower (P < 0.004) and tended to utilize AID Lys for BW gain less efficiently than those fed the PC diet (P = 0.083) or the 40+3AA and 40+5AA diets (P = 0.094). Pigs fed the 40+5AA diet had numerically greater overall G:F (P = 0.119) and G:LysI (P = 0.160) than those fed the 40+3AA diet.
Carcass Traits, Subjective Meat Quality Scores, and Internal Organ Weights
The dietary treatment had no effect on dressing percentage (Table 5 ). Average backfat thickness was greater in pigs fed the NC diet (P = 0.016) and the NRC diet (P = 0.020) than those fed the PC diet. There was no clear effect of diets on the 10th-rib backfat. The LM area was greater in pigs fed the PC diet than those fed the NC diet (P < 0.001), and it was greater in pigs fed the 40+5AA diet than those fed the 40+3AA diet (P < 0.001).
Pigs fed the NC diet had less fat-free lean percentage (P = 0.005), fat-free lean gain (LG; P < 0.001), and LG to feed intake (LG:F; P < 0.001) than those fed the PC diet. However, LG to AID Lys intake tended to be greater in pigs fed the NC diet than those fed the PC diet (P = 0.084). Pigs fed the NRC diet tended to have less LG than those fed the PC diet (P = 0.054), and they also had less LG:F (P = 0.030) and LG to AID Lys intake (P = 0.028) than those fed the 40+3AA and the 40+5AA diets. Pigs fed the 40+5AA diet tended to utilize AID Lys more efficiently for LG than those fed the 40+3AA diet (P = 0.068).
Pigs fed the NC diet had a decreased muscling score (P = 0.002), but they tended to have a greater marbling score (P = 0.082) than those fed the PC diet. Subjective meat color (P < 0.001), firmness (P = 0.004), and marbling (P < 0.001) scores were all greater in pigs fed the 40+5AA diet than those fed the 40+3AA diet. Dietary treatments had no effect on the weight of liver. Pigs fed the NRC diet had heavier kidneys than those fed the 40+3AA and the 40+5AA diets (P = 0.048). The weight of heart was greater in pigs fed the 40+3AA diet than those fed the 40+5AA diet (P = 0.009).
Serum Metabolites
Pigs fed the NC diet had less serum total protein and albumin concentrations (P < 0.001; Figure 1 ) but greater glucose (P = 0.031) and cholesterol (P < 0.001) concentrations (Figure 2 ) than those fed the PC diet. Serum total protein concentration was greater in pigs fed the 40+5AA diet than those fed the 40+3AA diet (P = 0.031). Similarly, pigs fed the 40+5AA diet tended to have a greater cholesterol concentration than those fed the 40+3AA diet (P = 0.060). Dietary treatments had no clear effect on serum urea N (Figure 1 ) or triacylglyceride (Figure 2 ) concentration.
DISCUSSION
The sheer volume of poultry feathers generated on a daily basis can be overwhelming, and for a sustainable poultry industry, it is essential to find viable ways to manage its major waste product. Similarly, exploring fully the potential of all sources as a protein supplement for pig production is important because the competition between humans and animals for quality sources of protein is likely to increase continuously in the future (Chiba, 2001) . The effort to increase the use of FM in pig production is, therefore, mutually beneficial for successful and sustainable poultry and pig industries. The FM is an attractive source of AA for pig diets, but the data in the literature are quite limited (Chiba, 2001) . Although there were some published reports in the late 1950s (Hall, 1957; Combs et al., 1958) , there have been only a few reports (Chiba et al., 1995 (Chiba et al., , 1996 on the use of FM in pig diets until recently (Southern et al., 2000; van Heugten and van Kempen, 2002; Apple et al., 2003; Ssu et al., 2004) . The low Lys content of FM may account for a lack of research because the adequacy of Lys is the primary concern for most pig diets. Nevertheless, FM can be an excellent source of many other AA.
In the present study, corn-FM diets contained slightly less than 10 and 7% FM during the finisher-1 and finisher-2 phases, respectively. The results of earlier studies indicated that 6 to 9% FM can be included in the diets without any adverse effects on growth performance of grower-finisher pigs or carcass traits (Chiba et al., 1996; van Heugten and van Kempen, 2002; Apple et al., 2003) . However, most of those studies replaced SBM partially with FM, and therefore, it is rather difficult to compare those reports with the results of the present study. Besides, the present study was not designed to assess the optimum inclusion rate of FM in growing pig diets.
As expected, pigs fed the NC diet had less ADFI, LysI, ADG, and G:F than those fed the PC diet. Similarly, pigs fed the NC diet had greater average backfat, less LM, less lean percentage, and reduced rate and efficiency of lean accretion than those fed the PC diet. These findings were consistent with the previous report (Chiba et al., 1996) , indicating that total and available Lys and certain other AA concentrations were simply deficient in the NC diet. For protein synthesis, the necessary AA in adequate amounts must be available simultaneously (Everson et al., 1989) , and it is well known that growth performance of animals can be depressed by ingestion of disproportionate amounts of AA (Harper et al., 1970) . However, pigs fed the NC diet utilized AID Lys more efficiently for BW gain and lean accretion compared with those fed the PC diet, which can be attributed to the sparing effect of AA associated with pigs fed a diet deficient in Lys and other AA as described by Chiba et al. (1991) .
Although comparisons between the NC diet and the NRC diet were not made statistically, the pigs fed the NRC diet, which was supplemented with Lys and Trp, Table 5 . Effect of AA supplementation of corn-hydrolyzed feather meal diets on carcass traits, subjective meat quality scores, and internal organ weights at the end of the finisher phase Hydrolyzed feather meal for finisher pigs seemed to have improved growth performance and carcass traits than those fed the NC diet. In a previous study, supplementation of a corn-FM diet with only Lys did not improve growth performance of finisher pigs (Chiba et al., 1996) , indicating that Trp was also deficient in the corn-FM diet used in the earlier study. Similarly, Gallo and Pond (1968) indicated that growth performance and carcass traits of pigs were improved only when Trp was added to the corn-based diet supplemented with Lys. It has been reported that appetite of pigs can be reduced by feeding Trp deficient diets, which in turn can reduce their growth performance (Han et al., 1993) .
Pigs fed the NRC diet should have satisfied NRC (1998) requirements for AID Lys and Trp, as well as other indispensable AA. But, those pigs grew slower and tended to utilize AID Lys less efficiently for BW gain, and also had greater average backfat and tended to have less LG than those fed the PC diet. Similarly, pigs fed the NRC diet tended to have less G:LysI, as well as numerically less G:F, and utilized feed and Lys less efficiently for LG compared with those fed the 40+3AA and 40+5AA diets. Those results indicate that the apparent ileal digestibility of other indispensable AA in FM may be less than those reported by NRC (1998). Therefore, the NRC diet was, perhaps, still inadequate to supply the necessary available indispensable AA to support the rate and efficiency of lean accretion similar to that observed in the pigs fed the PC diet or the 40+3AA and 40+5AA diets.
The NRC diet was not compared statistically with the 40+3AA or 40+5AA diet separately; however, it seems clear that, in addition to Lys and Trp, supplementation of the corn-FM diet with either Thr alone or Thr, His, and Ile would be necessary for pigs to perform optimally. Threonine, in particular, seems to be one of the most important limiting AA in typical pig diets, and its dietary supplementation has been shown to improve feed efficiency in growing pigs (Li et al., 1998) .
Although there were no clear differences in growth performance, pigs fed the 40+5AA diet seemed to utilize feed and AID Lys for BW gain more efficiently than those fed the 40+3AA diet. Likewise, pigs fed the 40+5AA diet had a greater LM compared with those fed the 40+3AA diet, which was reflected in a tendency for the improved efficiency of AID Lys utilization for lean accretion. Supplementation of corn-based diets with His (Eggert et al., 1955) and Ile (Parr et al., 2004) has been shown to have positive effects on growth performance of pigs. In the present study, His and Ile were added to the corn-FM diet in minute amounts and during only the finisher-1 phase. Nevertheless, additional His and Ile may have complemented the beneficial effect of supplemental Lys, Trp, and Thr on protein syn- thesis or accretion, implying that a lack of even a single indispensable AA may have adverse effects on protein metabolism (Harper et al., 1970) . Pigs fed the 40+5AA diet seemed to be as efficient as those fed the PC diet in utilizing Lys or AA for BW gain or lean growth.
The inclusion of FM in the corn-SBM-wheat middlings diet has been shown to decrease color scores and increase lightness scores (Apple et al., 2003) , indicating that meat quality can be affected by dietary FM. Pigs fed the NC diet tended to have a greater marbling score than those fed the PC diet, which agrees with the findings of other researchers (Castell et al., 1994; Cisneros et al., 1996; Blanchard et al., 1999) who reported that feeding protein-deficient diets can increase intramuscular fat content of LM. The metabolism of branchedchain AA (Cisneros et al., 1996; Hyun et al., 2002) in pigs fed the AA-deficient diet may be, perhaps, responsible for the increased marbling score.
The adequacy of Trp in pig diets has been shown to reduce stress at slaughter, thus improving meat quality (Adeola and Ball, 1992; Pethick et al., 1997) , even though such an effect was not observed in a recent report (Guzik et al., 2006) . Pigs fed the 40+5AA diet had greater color, firmness, and marbling scores than those fed the 40+3AA diet. Although exact relationships between AA and meat quality cannot be elucidated in the present study, supplementation of the FM diet with all the necessary AA improved subjective meat quality scores compared with the 40+3AA diet.
The weight of metabolically active organs may reflect the rate of protein turnover in the body (Ferrell, 1988) , and it has been shown that pigs with a greater growth rate or less backfat have heavier internal organs (Pond et al., 1988) . In the present study, the kidney weight of pigs fed the NRC diet were heavier than those of pigs fed the 40+3AA and 40+5AA diets. Previously, Chiba et al. (1996) found that the kidney weight tended to increase in finisher pigs fed the diet containing 12% FM. Also, for some unknown reason, pigs fed the 40+5AA diet had decreased heart weight compared with those fed the 40+3AA and, perhaps, other diets. Overall, diets had no clear effects on the weight of metabolically active organs. All pigs were fed iso-N diets in the present study, which may partly explain the lack of clear treatment effects on the weight of some metabolically active organs.
Serum metabolites may reflect changes in metabolic and physiological activities in response to dietary manipulations. In the present study, dietary treatments seemed to have no effect on serum urea N, an important serum metabolite that may reflect the efficiency of AA utilization. Serum total protein and albumin concentrations were less in pigs fed the NC diet than those fed the PC diet, indicating that some proteins, Figure 2 . Effect of AA supplementation of corn-hydrolyzed feather meal (FM) diets on serum metabolites at the end of the study (final BW: 112.1 ± 1.8 kg). Each least squares mean was based on 6 pens. PC = corn-soybean meal positive control diet; NC = corn-FM negative control diet formulated to be iso-N to the PC diet; NRC = NC + Lys and Trp based on apparent ileal digestible (AID) AA in FM reported by NRC (1998), 40+3AA = NC + Lys, Thr, and Trp based on the assumed AID AA value of 40% for all indispensable AA in FM (no supplemental His and Ile), and 40+5AA = NC + Lys, Thr, Trp, His, and Ile based on the assumed AID AA value of 40% for all indispensable AA in FM (no supplemental His and Ile during the finisher-2 phase). Pooled SEM: 3.3, 6.9, and 5.0 mg/dL for glucose, triglyceride, and cholesterol, respectively. P-value for glucose: PC vs. NC, 0.031. P-values for cholesterol: PC vs. NC, < 0.001; PC vs. NRC, 0.164; NRC vs. 40+3AA and 40+5AA, 0.199; and 40+3AA vs. 40+5AA, 0.060. including albumin, may not have been synthesized at a rate comparable with those fed the PC diet because of insufficient available AA. It has been shown that protein or Lys restriction can reduce serum albumin concentration in pigs (Atinmo et al., 1976; Pond et al., 1980) . Pigs fed the 40+5AA diet had greater serum total protein and numerically greater albumin concentrations than those fed the 40+3AA diet. Total protein and albumin are the 2 metabolites that may reflect the AA content of the diet and the efficiency of AA utilization (Mule et al., 2006) . It is, therefore, possible that pigs fed the 40+5AA diet were more efficient in AA utilization for growth than those fed the 40+3AA. Although both groups of pigs were fed the same diet during the finisher-2 phase, there may have been some carryover effects of the finisher-1 diet until the end of the study.
Pigs fed the NC diet had greater glucose and cholesterol concentrations than those fed the PC diet. It is possible that pigs fed the NC diet, which was deficient in Lys and other indispensable AA, were not able to secrete an adequate amount of insulin, which is important in regulating blood glucose. Feeding Lys-deficient diets has been shown to reduce serum insulin in pigs (Fernandez-Figares et al., 2006) . Serum cholesterol concentration has been reported to be negatively correlated with Lys intake (Mule et al., 2006) . Although the exact mechanisms are not clear, there may be some changes in lipoprotein composition or transport or both that are associated with lipid metabolism during the protein or Lys restriction, thus affecting blood cholesterol (Pond et al., 1986) . Serum cholesterol concentration tended to be greater in pigs fed the 40+5AA diet than those fed the 40+3AA diet. Those pigs may not have had any protein or AA restriction in the body, and thus, they were not expected to exhibit hypercholesteremia compared with those fed the 40+3AA diet. There is no clear explanation for that effect.
The results of the present study indicated that the corn-FM diets were not as effective as the corn-SBM diet in supporting BW gain of finisher pigs. However, the results seemed to indicate that pigs fed the corn-FM diet supplemented with the necessary AA can utilize feed and AA for BW gain and lean BW gain as efficiently as those fed the corn-SBM diet. Further research is needed to fully explore the optimal AA supplementation strategy to effectively utilize FM for pig production in an environmentally friendly manner.
